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(57) Abstract: 

PURPOSE: A method for fabricating a preform for plastic optical fiber using additive in-diffusion is 
provided, which has a continuous refractive index distribution along a radius direction. 
CONSTITUTION: According to the method for fabricating a preform for plastic optical fiber using 
additive in-diffusion, a virgin preform having a hollow in a cylindrical reactor is fabricated. The 
cylindrical reactor is dipped into a diffusion medium mixed with an additive having a different 
refractive index from the virgin preform. The additive is in-diffused by swelling the virgin preform with 
a diffusion medium from a hollow surface of the preform. And the diffusion medium is removed 
without any bubble formation or damage on the preform. 
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£. 2tt <>l-t}-#<!hfc ^-a^l -Ml<!l s^o^ 4oHn^(phase diagram), 

■ 

3c. 3afe Fickian diffusion^ 3*11 ^7>^5) ^Sc. asfl*, 

5E.3b^Casell diffusion^ ^7>^^ a^^, ^ 



^*J£- 3KJ-8-*r * ^la^^) <8<^°fl ^^5LH(slngle-mode) ^-fr 3i ^SH(multi-mode) ^-g- 
*r-8-3ir #7je] jl^ ^Ai-g. #>a-8-3 tfl^^ ^-fre}* 7|£ $ ^ <£l^ ^UJS-Hfstep- 

index single-mode) ^-fM^, a sj^^>] 5-10/m«H *H] S^llr #fe^. nJ-eHI. °1 

el* -fK! ^(alignment) ^ ^ 

(connection) <>1 *fl^- <Ut!: <$^*] H*}. *HISJ= ^*JL^ ^)^o| ^ cf^2.H -frej ^ 

-y-ft-^l ^-f, LANOocal area network)** -§-aj.§-o_^ *Hrli *r SI.* ^ -f-<Hl| ^ 

31 78^)71 4)4- ^ ^o_5L ^3 A}^.5j7)oJ^ <H3*°1 i^4A| a Mfl^ElH *M(twisted pair) S 

fe- -§-^ ?8<>l*(coaxial cable)** ^^d(cable)°l LAN^f ^1 200mvfl3 &7)e\ ^§-Ajofl ^5. aHJ-sJ #c|.. ^ 
^a}£. ^ ^^(SE^ ^ifl^(bandwidth))7 r SJtfl ^ 150Mbps 2000H33I£| AT 

M(Asynchronous Transfer Mode) 7)^1 625Mbps<H| S. 1 ^ 4 1 $M ^^^5. 71^^- ^V^aI^ ^ 

aSl^f. 2§.6$a\ ^)v+ lO^^ofl LAN ^4- ^7l?1 ^ofl 4*^: ^ Slfe- oL^-7> 4, 

^latslfe- ji^> 4r7i) <£;g^~g- 

(connectors)^ A>-g.§ ^ ^cf^ wl*^^-^ 4, 

POFfe ^**SJ *im%<i! <y^ifc(step-index, SI) ^2:, ^fe ^^1-^1 ^^^^^.5. 

(graded- index, Gl) 7>^ ^ SI^-M-, SI ^ 

(modal dispersion) <>1 ^7] ig-oj] a)^^-^ #^^£(3^ ^^cfl^^)7 r 

(cable)^cj- ^ ^ ^fe- Gl POFfe S.^ ^(modal dispersion)^] ^7] ng§-^ ^ c))^^ 7^ ^ ai^f. 

Gl POF^ ^ ^J^oflAi til^-sjfe- «l-§-^^-2) ^ SL^; S-ajo.^ o)^ ^ ^1*H ^ 

Tfe) jl^ -&aj^. ufl^^i ^^j-cfji o^cj-. 
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#eH Gl P0F2) *H2:^.2.3.Sr 7fl©l.2. <fl*f22l 2<>|^ tt<H ^ ^ f'^Onterfaclal gel polymerization) 
1988V3 t5.5j$ljZ.(Koike. Y. et al.. Applied Optics, vol. 27. 486(1988)) ZL 5L^S-t- 

$J*8. *:W>l M]^^ aJ-Jl #^-&«») «7}*. ^ A}.g.tiW S>^»ff^ o.^. ^g#°l »{jgf.fe. 

i^(preform)# * S*H# <a*j8H Gl POF-& *(2:3H? «g*W3ft»tch process) 



_ ... ji^V zl ^7)s)«H ^ sijEf ^jgtreojg. 

3!*fl S^-fr 2J«H ^ 2.5 GbpsSJ 3t<*r£# Gl POF# *fl2SKrC|) ^^5Jo 

°l. €*8 "S^JE fc£ POF *)2;o1) XSLsL 3£€ fB*£ «HHfr f 

*fl"g^-S2| Van Duijnhoven^ Bastiaansen»fl ^«r<H 7fl<££H *l^iH *l)6,166,1073.<>i] Sl^-i- 
d l*«rSl 20,000 rpm 3 £2] o)^» 7J.33. aj^.§. ©l-g-^ %o)x$. o\ ^ng-g. ^eJ-o) ^aj7l£§4 *Vi*«)«H ©>*?> # 

^ St^H ^#©1 ^ 5L**r«- *«B^l^l «^«« f ^"*)^. US 4^ ^7]7fl Sl-0. °H 

34*. ^7} 4?\n slfe £al^ ^-S^-elsi °]-8-«Vsm. a^vf ^7)s| °j£7 r e 2.5c °I7) 

tl55.7l- ^ £^^.^1- ^^^o) a}-oJ.o> «J£S. £iitH£l 4d«?°fl SiTB €4. 

'tt-S-ofl^ ^ SJ^SJ «fl*V^^ •Sl^Sr^ J5L^7) ^^S|<H Jl^7r « "11 

=r^(volume shrinkage)^ , a<H»+^l *H €-ti^°fl ^*><H ^-§-<H^lfe- #eri^ 7 r ^tfl ^ 

ofl SiH^I #<a^^<»l M-*KMI £1-5-. li sefl*>S.5. °l-§-* r 7l°fl£r ^efol 

-§• *»V Sicf.(^^#^ ^12001-789655. 3i ^-*l#-S 

10/197,2155) ^7) «S-^oflAlfe. £^|)SJ ^^^.ofl ig^^. ^1*)^ ^^£1 -fi-"?}* JE^fe f * 

3t* fBia ^<>l« ^2:2} ^7l# «>1^.«J.<^ ^2:«)^ 

'^^'S^S. #=ai-ol igsHr £^H2l ^a'*^ Triphathy et al. ^ 2J^1 «g-^o] jic) (o| 

^5,935.4915). ol ol-S-A) ol^l-fe #^f^o] c)§ ^7^7} -S-HSife 

jl^f ^D^oflfe- Bl-S-^IKnon-solvenDol^A^ ^7>^|«>fl^ ifl^ofl -g-sfl^o) ^ ^7}^ 

^-tr(out-diffusion) Al^J o.^1 ^ #^^<>l S.^H# ^2t«rfecfl, &<3?6 ^-^(Supercritical 

Fluid, SCF)# ^ oD^s. x.>^«J-«H a|z>^- ^^^^c}.. «V^=) o| ^aj. ofl^^. 3^ >fl^oj| ^. 

A>-g-S =^7> Sii. mJ-8-dHI- A>*«1.7fl slc^efs. £?llt ^^(swelling) >M?l7l nf)^ £7(| ^12: ^ 5.^8 
21 ««1-7l| SH. 3M2l4^-(edge)2| §^^o] 7V^S7fl ^Wt|| S\RS. ("1^ ^5.935,491 FIG.3B 

=8-2:) ^-a-frS. £^1- ^ #2flH# ^2:^ -f- 7}S) ^-%r Tl^o)^ ^«<»l JU^K 

^'S- ^712) ^efl 7l#2l §^)1^# «fi^«l-7l ^ f-a«H| ■f'^ol *1M a^^^i ^<a^ 

21 7ii^-i- oi-§-*M 'S-^s ^€ -g-a-t 7V a] ^ 1-^^ ^^-{f2i Afl 5.^. -§- ^1*^ K 

* 3.S. «cf. 

^. « ^21 *l-v+2l (a) «-§-^ H>-S-7| vflJf ofl f <gAj^ ^vj £7))1 . ^) 2 «J.^. r$?Q ; ( b ) 2.^)7). 

<§AJ^ ^7l§ *1M £7|l2}- ^g-f-i- 7^1^. ^7)^)§ ofl^ ^cfl ^Tfl; ( C ) o^oj 

?! (d) al-fr^^^W ^)«1 ^-t) "fl^-^ ^171*}^ ^S. <>I^A|fe. §EfA.^ htIISI *H3L 
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£ ^21 5£ ^-33- (a) -S^-^ SJ-S-717V *ffUfy;.(b) «HW ^7^f £««H 5l|«y^ vfls. 

sit*? -^"y^i; (c) ^B-aai misj <a-^ a ansi-^ j^e^ & ^ sa^ «s* =8-*i; n (d) -a-?) ^ 



fS^- stII^ *4«q ^-§r°l ^o. ^7W§ ^l^j ^(in-diffusion !E*r ingress) 

^ S>3 -Sa^Sr #^-g~§- 7 r x]fe. 2.*H* *fl2:«--g- *efl ?1#5. #2*^ 

*-9-fr* 3L$£\ t&^WoH^ ?«-fr<>l «7>*|£) ^(out-diffusion SEfc egress)^ «|-§-«Hr 24*7 

°1*HH £ "S-^oll 21 ?V #2}-^ ^-fr* S^)21 ^^^-i- ^Til^S A <M)*J-7l] a*tt<4-. 

& W ^(virgin preform) %7MS>\ &<Q SH+o] ^&s\7] S>H# *13)*K* %°.3.. 

^71 *m 51*11 cflj£*}.2..2., ^ 7W ^ofl SlSH .agafL 4= $m. 2^ «1 =8 ^(amorphous) 21 a>^*> *H 

a* t>-§-7i ^*«>i ^^sife < a-t^ s ^ia«i-^ <>i«fl -g-ani -a^si-Tfl 

^■sl -S-S-^ «:*7l iflofl *B-fji f^eBofl tJel^ f'^'fl fl^^^l ^/SEfe- ^f«-si^ «Jh»a 

-f-^ 0 ! S 6 ! 1 ^. 7flA|^ ^J/sfe 7flAi*i| a el 

ol 2:^^|7> 3}7>« 4= Si^. ^ v 7lofl^ ^Aj^ ^Sj olfil«Hl£. 7l#S. "^^^1 *}<£^ 

^ s^^fe- *iui 2.*n-t *a^Ai?i ^ ^ 09^0)1^101 ^7>2i ^ ^9^-01 ^ ^ 

^*>E^ *>S^. <>121« ^««^ ^-§-71^ £ 1ofl-*l ^ol ^-yol) ^^(11)o1 #3^*? 

^(12). «-i-(13), ^of7fl(14)2l 2:^ « IrSfOl 7>^1J ^-2:1- 7>^^ ^o] U V%-aJ*>c^. 

»tt*7lSl Tfl^^- M|-8-&# it°|Al7l^l ?#J1 -a-SH ^^^^ ^ejofl *l)3.7 r 7>^-«H t oj^J 

^ "S^l^^ ^ oB# 7fl€°m ol°fl at, ^ ^3.3. av^-sv^. esjol 7}-^«ici-. 

^°1 ^^^Ife- 3-f°fl*r -fr«l, *1"34 UV» Jf^^ oj^ ^.pj^. A>^ol ^^^14. 

*W S^lfe «aWa.*|olS. #eliEl^, *eH^H«eJ<»lS. #aH'ti"I|El-=L i lN<>lS. AF. SE.fe-AH-f-(C 

^°iiEi-a^efl o is. i-^i^ofl^^Efa^zflom, i.z-ciJfl^ofl^oflEi-a^sflois.. ni^^ D )i^oi|E}-a i ayiom. 

ollEl-a.^iSIolE, l-5fl^Al#s.«I^tillEl-3^Ej|«>ie ( ^eH-S.S.Bfl^o)lEl-H^ef|olS. ^S.S.S.n'i^Sl^o]^. 
. TFEMA(2,2,2-BEl-i-^-i.S. < >i|^t>flEtH^B)l 0 lS.), TFPMA(2.2,3 ( 3-sflSEl#^-iS. = S.^i»IlE^a^ efl<>lS 

), PFPMAt^.a.a.a-^^^i.SHS^oIl^a^eflom), HFIPMA(1,l,1,3.3.3-^AV^^.ij.S.ol4 : H5.^o)lEta^ 
eflolS.), HFBM 

(2,2.3,4,4.4- «J/.f^iLS.- l f ^ «H|E}-3^«| °] S), HFBMA^2.3,3.4,4,4- ^ Ef#^-5. 

S.-9-^ D flEf3^eflolS), PF0M(1H,1H-=l#-¥--SL^-n--^li°DEl-a^efl o )B) ^-sl ^*fls. °l^«H^! <a°J Efe ^f 1 
4= Si^. 
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J2.*fl2j ^ISAl 7BAl^JS.^ f 4-(^-£^A>o]jL)^)2i5j^ 4.4 -»]^(^ MlH<>V*) 

2-^*lH^Al-2-^-1-^\I-H^£-1-£. ^tfl-fc, 1 -[4-(2-.^o]^^-a] oJ^a|)_ 

^]-2-^<>1H^a|-2-^-1-*^£-1-^, 2-^-2-^°M!e-1-(4-§3£3:n58 

2,2-cJpI|^-Al.i,2-^tf||^t>0^1-^ w1^(2,4.6-^el^^^^)-3fl^^^A>olH, 2-^1^-1 [ 
4-H^i)Jfl\i]-2-»S^*S#-1-* f wl^(.^Ef.5-2,4-^]^^tq^.i.<a).til^( 2# 6-c3§^^-3- 

2.2 -^H]>i(2,4^D|St2feMM^) ( 2,2 -^ttl^(^l^^El^i-lM^), *)- 

A 

tert-^H sfB^olH, eH-3-°i stfl^Aj-oiH, >$3i% Jfl4Ml=. s>1)^a}o, S , °V2:-tert- t i L <e, <>>3:-m|^ 

*JuJ -f^Aj a>-§-5)^ «*W£$;>t(chain transfer agent)3.fe in= ^--fH-^^, 5j"§-al M**,-^ 

. £44 i_^a>o]^. § flo.tf f o|ofl #33*) tf^-ch 

^ofl sju, s.^$\ ^-frS. *))^ ^<H|£. •a^tj 71*1*1 #^"§. -S-^]^ 

"8$ °)^°\^. £?>■ <9aJo, 7V^.«|. £ ^. ^ e)«M°t «r^ c fl, °1# ^Al^l^ €-a>^ ^^fe- <a 
tflef ^*3= 7l^o.£. io,000 - 200.000°ltk 

Cr-g- O.S. AJ-71 S). S.*H7y g-y^ 4** 2.^)2] ^ SKWI^o, 

6 H «H> "fl^Sfc- ja^A> -§-o|] (solvent) I&fe- a)-§-°ll (non-solvent) 91 aJ.-§-svt1 «+, 

•S- a>.§-^ ^ #c}.. ji-g. t.> -g.^ AH-sHf- 3L^7\ -S-sfls)^, b)-8-ob^i a>.§. 

«rfe ^Hfe- 3Z.3-*}7> »g*«t}. JL^-^V -g-*fl ^^1?17] $j8flA,}=. S*-AV DH^ a ^.y^ 

^sH^lcK &<dA -fMI# A>-g.s}^. 3.$. j&g-7}2l -g-SD, ig^o) a-i-^ 0.5. o]^^ m}-^. Al^v«o| 

^-g- ^ 5a JL. °]e\-$r ^7V»l# AV^-tsVfe- ^^-ofl^ a^oj^j o.^ xn<q*\±. 

-8r£ 5J tf^ 2l*}& ^7WS1 ^-g- ^!^Al^ ^ ^-*] ^^-i" 7)AJ-o.5. «>^-Jl^- 

§ ^SJ^lAj.^. 7^^)7,1 ^^ 7) . 2.74)0, Aj.^^2. (morphology)^ -a-^lar^-HI 

-frel^: fU^. °)tr ^7 r ^jS| ^aj <>J=Aj.^. igfl-A^ ^5L# -ft£«r7j %°.3-, ^7)^ 

& ^t^oflAi AV^-s)^ SHJ. d))^2, ^S0^9J ^S-A^fe CO 2 . SF 6 , C 2 H 6 . CCI 3 F, CCIF 3 . CHF 3 . = 
S.^-§r -f- SI i "3^1 A>^.g ^ o.^. olofl ^sJtc, S£-ch jicf «>^-a}«V?j]^ ^ojTfl o^^^^upercri 

tical CO 2 )# A >-8-«^. °l-ii2j-<?B^ &#*l 0 ]3L, a<3^ -y-cfl^^s. <H^^I S*.^, cfl^si 

-ft-7l#^-fr £ -8-^A, ? ,ji, cfl^S) h,^^ a^r« ! S-a-A,7lB.S. «Kt "fl^S. ^ofl -»-Elo>c|.. ojAV^-^o, oj 
^1 -S-H £ 251 ^Aj-^^dt Aj-ig^^oflAl >i*r «>r4 ^ 31.1 X: H 72.0 atm^iH), ^ t^Ai ^aj. 

ofl^S. ^^.S)7|o) fl-^ <>l-i>^^4i2} ^ ^ £?l^r tflefaj O.S. 10-60X: 9l 50~1O00atm«.S.A, ( a/ 7 ,o)| 
a1 ^<>1 a°j7fl ^?^<>1 «>q^, ^SH- ^^s, 7]A> ^aj. olAJSHais. ^AVuH^s. q& 

Supercritical Fluids Fundamentals and Applications, Erdoqan Kiran et al., (Kumer Academic Publishers)^- ^ 
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^i** 6 * £«4*r *JM £.7))* ^4*7 aL£44fe 4^ ^g*£ 7Hu) ^AV nfl^ofl ^&s§o] oj 

<H<3«: aM-tHMH. ^W^a*? 1,3,5-Hel«5.2.«^(1.3;5-tribromobenzene), 1.2,4,5-*flm 

43i^£>fi^(1,2A5-tetrabromobenzene) ^^^^^^^olHCbenzylbutylphthalate), cjsB^-g4*]H(diphenyl 
sulfide(DS)), ^el^eJoiTE (Beniy , salicylate), 1.4-^ «S.2.^X^^!(1 f 4-dibromonaphthalane), 1-^5. 
4^1**3(1 -bromonaphthalane), ^ejjfl^ 5^slMM(triphenyl phosphate) -f-g- * ^ $1,2.4 ^<H) 
^ &^4. . , 

- *H§ 

4 ^7W^ ^^l^LS. *H«94 *4M4 -g-^44 #ji ^<Q4?II 44SL*H ^JKt 3^71 ^^B^ '^3 

44 S-^m ^*m ^>^]7> *Kt "fl^ #7]7fl 313, $AV ufl^o] aju| 2.^)6, W os. 4*fl 

4*1 *H*i4 4€- 4*14 'S*! 37M <q. u}5}^ f;^?!] 

€4. 444 ^^i-o] ji^v^cf &s-3.$- ^Ajcfl^^ SJ1 ^^-o.^ ^--s. 

4fe 7>4t|] «4. o|nJ s^o] o.£ * £3*1 SJSUFicks law)* 4*7fl 4*3 $7>*fl *5£*>E 

7 r 5. 3a4 ^ ^3)7} 4<H oqeif-^ (error function)^) 4|*Y4^I #** 7M>| H]7l nfl-^ofl ^ 

* ^5.7> ^7 r 4^ %^7> ;fi4(Eq.(2) of A. Friedman and G. Rossi, Macromolcules, vol.30, pp.1 53-15 

4). 44 ^> 44*r ^4 Case II diffusion (3fral^tl N. I. Thomas and A. H. Windle, Polymer, vol.23, p.529, 1982 
)44 l-*M4-*r 4-tf°fl 4t 44>3 *84^r *M ^ (sharp diffusion front)*! *8<Ss]<H «7M ^ 
3b4 ^47 r 4@t}. a]^Vo) xl^-ofl irfef ^v^s^l^ ^zj-^^ ^^fl^o) *J^s*H# 

^1^.5. ^^rA]^]^ ^14 ^ ^S*o] ^ ^7 r ^]7f Ajoj^jj f-^ 7r ^Ai #^1-^5L7> ^3q>| sj^cfl 
«fl ^^2.^)^1 44^-¥**^l ^°J^* Al^l^l Soe. a)^-§. ^^<H *KM ^^vf^l ^£ 

^- OfS. ^l^^l P0FS- ^13:^ ^ J£L*fl# ^1^7« ^-^^ ycf 

S-H^-Aj-ol o. G| ^ ^ #7) o,^ A ^ ^ 3b oj ^-S^ 50) 

(dimensional instability)^ ^^^7] ^)^a^ ^^S-^ ^^a1^|^. u}^-^}^cf. o]ufl ^ ! 

0 vfl^l I0,000rpm£] ^^a] ^sj^. Q^<§ ^^o] <£^»} -frx)qo) 2-*%% ^^7} ^<a*\- 

ojAvaq^si ^7ioflA^ PMMA oj ijo. ^ ^ vb-§-^- ^-ji^ti 

(Lev N. Nikitin, et al. # macromolecule, vol.35, pp.934-940, 2002)# ^2:^ *5r Sl^h 

**7)1- 5J^A)^ofl o^c^a^ o^^. ^£«r7l ^^|A1 ^715} 3)3Hr2E*fl cj-^ ^^f. # ^ Sl^ 

^ ^a^ ^ioj ^2}.^ ^ 7f^i^. ^<Stt]t85l U^^: xa^^cj) a<^A^ ^ 

5 aj.^,^ 3)^4 ^711- ^-Bl«r^ »S2HRr ^^r* 7W£^ ^ ^ Jl^. 

€3.^ ^1^^ ^aj. ^7l^cf. ^aj p])^^. ^7)^ 2r3£ ^4 a^ 

SKJ^jfc.g. 2:^^o> ^-rf. a) ^#^31 ^ a>^-s]^. ^ ^o|| ^ 

^#^) ^ ^ ^i^wl7 r ^^^! ^1^>H <Hr "8^* ^r^^l ^*fl ^fe- ^£ 7 r 

^7)4 ^^l «K* "fl^^l ^171^ ^ofl^ St*7]S.^El &^<* & ^ofl 5j*fi f2}Ai) ^ o.^. 

5.71)^ S^g^. 

^^oil ^4 Tfl^s]^. S-4^^ aTHfe- ^Hhlfes: *««** 4« €«4t« 471 4*H 

3) i~iocm ^£5. 4^5<>) 4^4^, >ftA|^o. «vai^-oj 20%o]45. 4^^°l 4^-4 

4. S.^H^ ^<^)^ ^aj-^oi «g «£A! (tnerma| drawing)*^ofl 4^42£^ 4 100 cm 4^ ^o] ^13.^). 
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4. 

£ 44°fl 2|afl 4is)4 44i6? 4^944 SJfl^ 1 44(thermal 

drawing)4 434 4*1 ^SH* a};^ ^. £ <g 44i^ 4443. 4444. 1 4*1* 4* 

4 °a*]*l7fl 44 34°1 S.*l)4 44 444 S.*H<>J f^ofl •, atm o|3>oJ *144 ^ ojcj.. 

44°fl 44^ 44i^ 4443 42=4114 4*84-71 3# 42^4*13.4. ?4*1 5. 44 44 ^2;4 7 r 4 
fe 4*14 444 <r 5U4. £. 4<* XaJ^ a))2:4*14 43 4 4£ 2:3.4*1(2. 3); °J4 2.^4*8 4 *r 44 
44(4); 44 "H^ 5 * $444 ^44°1 ^«>J§ 4 s Safe ^- 0 J44(5); *W £xfl 7 \ ^Sja SV^-7l(6)7V 44 

444^ oi^sjfe *«4«H(i); ^ 44?)4 4d4*a ^ -?^4( 7 ).2.3. ^444. 

47l°1H 4 444 4<M°fl4 £4 44. 47I2J 4*H4 ^-rtA oBa^I 51* 

SiiLS * 444 444*4 44 «4 4M4. 



*H<4H4 444 2.4*1 fe 5E. 44 ^2:3 ^-§- aH-S^jt, *m £ 1 4 44 %«fl» 7>4 €4 

*§ 444 vfl^xi g-^SHr^ a v))^o| 30mm. 4°l7} 150 mm44. 44 "H^H 2=44 4= 44 44?) ^^sj 
^•34 a?4°l 5 rnng^. 4 A H4H 44*3 444 2414 MMAf- «7f4*l AIBN 0.05 44%, 4 

4M44 n-BuSH 0.2 44%3. 70r«>il4 24 *14 44, 90 12 a]^<^ l.OQOrpmSJ 4JE.S. 3J4 444 4 

4444. 44 4 99.999 % ^Jl. *lvl S.*HSJ 443 434 5 mm44. 4 44 44 2*8 

PMMA3 ^-=§44 1.4944. 44 jfl^sfe o)4444x4 4444j1 -a-M^oA ^Afl^ 0.5. i4^\8 H r 4 «»4 
714. £3*94 ojel ?H ^ i|EW£^ -a-iE^ 2^S*ja^. 1.5744 1-«^3LM-a^' 

s-^h ^a*A| xw# ^1^0.5. ^, -a^i^sa^. s.^Hfe f-^-oi 4 

^•^ 0.2 atm* SJ- <H ^ 0.75 mmSj #4^^ ^-8-3. 650 nm ^ eflol^( pu , se | aS er)§ 4* ^ 

3. A>-g-«H ^a. w.s.H^(pulse broadening) ^2.3. 50 m ^l^oflA]^ tfl^^* ^34534. ^a.oj NAfe . 0 
23. 4^4. »£E^ •Q'fl tfl^# ^^«fl 4>*fl« R. Olshansky and D. R. Keck. Appl. Optic 

S, vol. 15. pp. 483-491, 1976-i- #2:*^ 'r 5U4. 

600rpm*.S. °l-»4^4i4 BN (5/1 (v/v))4 ifl^-i- 10 atm/minS] -^^.S. ^^4^ sfl 

vflo} oj.^^- 90 atm*.£. -£334. «>1 «fl *D<yiH£J Ml-^ ^£fe 40t7> s|£^. -ft-^4^4. 90 atm, 40TC, 600 rp 
m2| i^i-S- 14^#<& ^, -10 atm/minSl 60 atm4^l ^. -1 atm/minS) ^3E.S 1 atm 

44 S.^9# ^12:4534. ^2:4 POF3 ifl^^:^- 2.1 Gb P s@50mS14. 

- a 4 H 2 : 

4-8-71-i 600 rpnv2.S. 4^4 °]4444:4 BN (5/1 (v/v)) 2J ^§ nfl^^- 10 atm/min 2J ^^4^ 
^<y4^ 90atm^.S. -i-^4. o]"8 ^ ^Efe 40TC7V SjE^ ^SJ-^cf. 90 atm. 40t:, 600 rpm 

3 2t*i-§- 0.544*4 444 ^, 1t:/min2j ^ss. ^-^Ai 7 0r7F 5)*| ^S^. 90 atm. 70TC. 600 rpmS] 
2:4-i- 0.5 -lOatm/minSj 60atm44 4^4 tf^al. 4^1 -1 atm/minSI ^S.3 1 at 
m44 4^4 ^^4ui 44 HC/min4£S. 361C44 44"H S4|» ^2:444. 42:4 4442J c« 
^^•4 1.0 Gbps@50ma4. 

j^aa 3 ; 

4471-1 600 rpm.2.3. 444 ol444i4 BN (5/1 (v/v))£j *4 °«44 10 atm/minSl 4£S. ^<>J44 >»fl 
"9»12J 4^4 90 atm«.5. 434. °M ^<a*H Ml^- 4£fe 10t:7V s)£^ 4^1444. 90 atm, 10"C. 600 rpmSj 
2.44 1 44*4 4*14 4£4 ir/minSl 4s)4 40t7> EjTfl 4594. 90 atm. 4or. 600 rpmSl i^i 

4 1 4444 4*14 -lOatm/minSl 60 atnV?>4 4^4 4^Jl, 44 -1 atm/minSj ^s.^. 1 atm44 
4^4 44^4 S.^14 ^12:4594. 42;4 4^4 2.5 Gb P s@50m$94. 



4^4 .S:4 

4 4f£l 4 , a < >11 2l«fl 44^^ ^44 ^1244 ^4 443 4*8 34«HI 2j«« #eflH4 iS<H4 4^4«fl 42:4 
<r 4ul, 44 »fl^4 4°fl42l ^14 d l &»1 44 *14M)<>fl 4^4 4^3 Gl (Graded -Index) 44^3 
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(57) >9$l 
^St^I. 

(a) €-f ^ f^ol ^u} s.^^. afl^sj.^ 1$^. 

(b) S-^fln -g-S-ig «*7)# ^MS.^ c^MS-i- aH} "S^ 3v2^ 



>n 1*8-<* Si<>W. -^71 f^sj aj^oi ajuj 20% *|*K1 W 2.3. #-8-fr.§. s.*H 

W^S" 3. 

aH3 *\]2i *$>U. * 

4. 

#e AF. *>°l#(Cytop) S.S. °)-¥-<H*lfe 3# *Kr ^-8-8-8- £*H3 u <h'3. 

^^S" 5. 

*fl 1* SJ°W. £.t4|SJ ?MS.^ "8^D(|Ej-a^ellom. ^^^EfH^^olS., sB^^El-H^eJIols i-Ofltf a1C£ 
<44l<43a«4olJ5, Aj#s.«j^^Ej-a^S)o)E # #£S.^oflEf3^e«om. l-sll^ofl^ol^a^fllole ! '2-^5* 
^•HM*rH«fW£. ^IfH'liomafielME, a|^toa^?flo|e f i-^^mJL^tflErii^eJMH. 
«S**>imB*a«*ol£. ^M.S.S.n^^3.%no]E.y±^, TFEMA(2.2,2-S ^ ^2.3.0)1 ^on^a^efloj 
H). TFPMA(2.2,3.3-J=e]«^iLS = S^Elafi^o|E), PFPf^(2,2,3,3,3-^§if ^HS^Ej-H.^ 5H)°|B.) 
, HFIPMA(1,1,1,3,3.3-^A>§^.2 S .o] : A lD ]i E j.= l ^5)|oj S ) f Hf : BMi2.2.3.4,4.4-^}^S-3.^^3i^o]S.) 
HFBMA(2.2,3.3,4A4-4^+££-¥-«<*tiratt«M2) gj PFOM(1H,1H-a|#^4!.^.-n-^^!"il^a^^c.lE)i 

*r-§-*r*r 3* ^3-2.3. *r*f *4}-fr* 2^flSl 7fl2: 

7. 

^ W mi: "H^ol &<a ^^(supercritical phaseH^vf, ^^«r^ ^^(llquld phase) SE 

7l^(vapor phase) °d 3J-§- ^^iS. f^aj-i^ ^-9-S-§- £^11 ^ ^12: 

8. 

S Jl^S^fl'^ 1 D,I ^ SA1 CO 2 , SF 6 , C 2 H 6 . CCI 3 F, CCIF 3 . CHF 3 . SLfe <>li = S.^-i-21 
^T 1 ^" 10. 

^ 1^" SIH-H, ^7) $7}*H7\ 1.3.5-He|H 5 .2'ffl^l(1.3i5!-f, 
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tribromobenzene). 1.2.4.5-E)leefas2.^^l(i,2,4,5-te<rabro'mobenzene), ^^5^<>l]=(benzylbutylpht 
halate). «=Hfl\i-a^olH(diphenylsulfide(DS)), "S^ £3-ae8«»lH(Benzyl sa ,j C y| ate ), i, 4 _cl «S£iHtS!(1,4. 

dibromonaphthalane), 1- «.£5-«4S^^(l-t>rompnaphthalane) 3i 33 #1^ 3L£*lMS(triphenyl phosphate)^. 
*fl 11M -^7] ( C ) ^oflA^ #-§-7l# ^^-Sj^i Sfe tg^ ^^a]?]^ t^a a.* o. s #ap«« # 



• ■ 



*fl3 *k** «sm*j ^$M?i^r ea 

^T 1 ^" 13. 



^^L^. 14. 

(a) *h§-7l7}- ^S]*r ^B^wl; 



(c) ^<a»i ^ ^-h 



(d) ^V41»« »*hg-7l# a)^ ^ £«*H? *<8** 5-^3} 



5E« 



£^1 





Supercritical 
FtukJ 




1 1 f I 1 I P T 

-18»100-«0 -60 -40 »20 0 20 40 60 
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